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I. INTRODUCTION AND PROBLEM BACKGROUND 



A. INTRODUCTION 

The Naval Postgraduate School (NPS) purchases electricity, natural gas, water, 
cable television, sewage disposal and refuse collection services for NPS departments 
and tenant commands on the main station and other satellite areas at an annual cost 
of approximately $3.2 million per year. For electricity, natural gas and water 
services, the total NPS usage is determined by meters owned by the utility 
companies. 1 The costs for these services must be allocated among all users 2 to 
enable NPS to be reimbursed by tenant commands and to track costs that must be 
paid for with specific appropriations such as housing funds. This thesis examines the 
existing utility cost accounting and invoice processing procedures used by the NPS 
Public Works (PW) and Comptroller departments. It specifically focuses on 
evaluation of the existing cost allocation methods and ways of automating and 
streamlining the existing procedures. 3 

*Many facilities on the main station are heated with steam produced by the Public Works boiler plant. The boilers 
normally bum natural gas (although the plant has the capability to bum fuel oil in the event of a natural gas outage). Therefore, 
steam is not addressed here as a separate utility because the energy costs of heating the facilities are reflected in the natural gas 
costs. 

"user" is any entity or organization whose utility costs are tracked and paid separately. A user may be a tenant 
command (including those organizations that lease private facilities such as DMDC and PERSEREC), or a department or 
division of NPS whose utilities are paid for with other than 0&M,N funds (such as housing or NAF activities). See the List of 
Acronyms right after the Table of Contents for an explanation of each acronym. 

3 

The reader is assumed to have a working knowledge of basic Navy financial management and contracting procedures and 
terminology. Additional explanation is included in the text where necessary to clarify those procedures as they apply to the 
subject matter. 
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The cost accounting for utilities involves a number of steps, including the 
establishment of reimbursable accounts for tenant commands based on their 
Intraservice or Interservice Support Agreement (ISA) with NPS; the preparation of 
estimates of future utility costs upon which departments and tenants budget and 
establish obligations (set aside funds); receipt, review and certification of invoices, 
including the allocation of costs among the various users or paying entities; 
adjustment of differences between the cost estimates and actual charges; and the 
assignment and tracking of various document numbers and accounting data, such as 
job order numbers (JONs) that accompany the cost figures. Both the Public Works 
Department and the Comptroller Department are involved in the execution of these 
functions, a more detailed discussion of which is contained in Chapter II. 

Accurate accounting for utilities costs is important for the following reasons: 

1) It is extremely important to avoid an overobligation of funds, that is, 
spending more money than has been appropriated. The differences between the 
estimates and actual charges must be closely tracked to ensure that sufficient funds 
are available or can be made available to cover all costs in the fiscal year to avoid 
violating the Anti-Deficiency Act (31 US Code 1517). 

2) The correct fund appropriation must be used. For example, housing 
funds, nonappropriated funds, and Operation and Maintenance, Navy (0&M,N) 
funds must be charged in the right amounts. If NPS were inadvertently to pay for 
housing utility costs with 0&M,N funds instead of Family Housing Navy and Marine 
Corps (FHN&MC) funds, it would violate 31 US Code 1301(a). 
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3) The various paying entities should pay their fair share of the bill. 
Each command must meet its mission with a limited amount of funds, and therefore 
an overcharging of utility costs to that command reduces the funds available for other 
purposes and adversely affects the ability of the command to meet its mission. Since 
utility costs are a significant portion of most commands’ available funds, this issue is 
significant. 

B. GENERAL COMPLICATING FACTORS 

The existing cost accounting and invoice processing procedures are complicated 
by a number of general factors and factors specific to each utility. A discussion of 
these factors follows. 

1) Large number of invoices . NPS receives multiple invoices for each utility 
each month for a total of 18 invoices per month (Appendix 1, Col. 1). The multiple 
invoices are the result of changing contractual arrangements over the years, multiple 
suppliers and the dispersal of user facilities over the following areas: 

• NPS Main Station 

• Navy Annex (including Golf Course) 

• La Mesa Village Housing Area 

• DMDC/PERSEREC at 99 Pacific Street, Monterey 

2) Short time frame allowed for processing of invoices . Utility contracts are 
often not subject to the Prompt Payment Act (which generally requires payment 
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within 30 calendar days of receipt of a proper invoice) but to the terms of the 
individual contract. In the case of many NPS contracts, payment is required within 
15 calendar days, which includes the certification of the invoice, mailing to the 
Authorization Accounting Activity (AAA) in Crystal City, Virginia, and preparation 
of the check by the AAA. The AAA serving NPS requires a minimum of seven 
calendar days to prepare checks on certified invoices but currently takes more than 
15 days. Therefore, NPS is working in a deficit time-wise from the moment the 
invoice is received. NPS faxes a copy of the certification (NAVCOMPT Form 2035) 
to the AAA as soon as it is complete, but, even if the AAA could process it in seven 
calendar days or so, NPS would have only eight calendar days (six working days) to 
complete its work to meet the 15- day requirement. 

One consequence of this problem is that invoices usually show not only the 
current charges but the unpaid balances as well (for previous invoices that have been 
processed by NPS but payment for which has not been received by the supplier by 
the current invoice date). This requires extra processing time to ensure that charges 
are not paid twice. 

The accounting technician must be aware of the time allowed for processing of 
the specific invoice on her desk at the moment. For example, of the three sewage 
bills, two are required to be paid in 20 days and one is required to be paid in 30 days 
(Appendix 1). 

3) Budget estimates . The Public Works Fiscal Division is required to prepare 
budget estimates for all users but has limited ability to accurately estimate costs for 
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electric, gas and water service for future periods. The only estimating tools available 
are historical data on usage, adjusted for any subsequent changes in rates. Unless 
the user informs PW of events that increase or decrease consumption (e.g. 
installation of a new computer system or additional air conditioning, changes in 
facility operating hours, etc.), or PW happens to know of these events because it was 
involved in the project, the Fiscal Division has no basis for adjusting the budget 
estimates. Nonmetered users have a disincentive to notify PW of increased usage 
because it could raise their fixed bills. Higher-than-estimated usage causes problems 
for every user not on a fixed-charge basis because it reduces confidence in the 
estimate and hinders smooth budget execution. 

Weather is one of the biggest factors outside the control of the Fiscal Division. 
Unseasonably warm or cool weather can adversely affect the accuracy of the budget 
estimates. 

Further hindering the ability of the Fiscal Division to produce accurate budget 
estimates is the fact that the number of days in a billing period varies because the 
utility companies do not all read their meters on the same day each month. For 
example, PG&E billing periods range from 25 to 37 days. Also, the electricity cost 
per kilowatt-hour (kWh) changes with the time of year as does the definition of peak, 
partial-peak and off-peak hours, further complicating the estimating procedure. 

Estimating charges for the other services (refuse, cable TV, etc.) is relatively 
easy. Unless a change in service is ordered or the cost allocation scheme is changed, 
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the costs to each user are the same each month because the contracts have fixed unit 



prices and quantities. 

4) Administrative resources available . PW Fiscal Division has only one GS-6 
Accounting Technician to handle all utility cost accounting and invoice processing 
functions. Seventy percent of her time is devoted to utilities issues; the other 30 
percent is for unrelated duties. 

5) Availability of funding obligations . PW cannot certify invoices until funding 
obligations and authorizations have been entered into the accounting system. 4 PW 
must often hold the invoice while waiting for obligations to be entered. This occurs 
primarily because tenants frequently are late getting their funds to the Comptroller. 

6) Large amount of related accounting data (e.g. JONs. serial numbers! that 
is associated with each separate cost element . This routine data is required to fully 
identify the expenditure with respect to its appropriation, fiscal year, type, etc. in 
accordance with standard Navy financial management procedures. Management of 
this data requires a substantial portion of the accounting technician’s time. 

7) Time lag between consumption and billing . It is often months between the 
time utilities are consumed and the time invoices arrive for processing from the 
supplier. This time lag hinders smooth budget planning and execution. The time lag 
takes on increased significance at the end of the fiscal year, when the utility accounts 
must stay open until the invoices arrive. Underobligation means that additional 

4 

An obligation is a legal encumbrance, or setting aside, of a specified sum of money which will require outlays or 
expenditures in the future. The Comptroller establishes obligations by making appropriate entries into the accounting system. 
An authorization, as used here, is when the Comptroller formally authorizes a department to incur obligations. 
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prior-year funds must be obtained to cover the difference; overobligation means that 
funds that could have been used for other purposes were tied up and subsequently 
expired. 

C. SPECIFIC FACTORS WITH RESPECT TO ELECTRIC, GAS AND WATER 

Allocating the cost of these utilities among the various users is complicated by 
the following factors: 

1) Large number of users among whom the costs must be allocated 
( Appendix 21 . Not only do tenants pay their share, but costs for certain NPS 
departments must be broken out separately (e.g. housing, golf course, COMO) 
because they are paid with different appropriations. Related to this problem is the 
fact that many users have multiple facilities spread out over the NPS complex, each 
with its own particular metering situation. The result is that the PG&E summary bill 
for the main station, for example, must be broken down into 26 lines of accounting 
data (Appendix 1, Col. 5) 

2) Wide variety of metering arrangements . Some users have their own 
meter(s) and so charges for those meters are separately identifiable on the invoice. 
Other tenants either share meters, in which case a cost-sharing formula must be used, 
or are not metered, in which case some sort of estimated usage must be developed. 
This issue is discussed in more depth under "Cost Allocation Methods" below. 

3) Large number of PG&E accounts (with at least one meter per account! and 
contract numbers (related to the dispersal of NPS and tenant facilities! . NPS 
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(including all users) has 24 contracts with PG&E covering 54 accounts and over 60 
electric and gas meters. PG&E has taken steps, at NPS request, to simplify the 
electric and gas invoices by producing four "summary billings" roughly corresponding 
to the four geographical areas of NPS and tenant operations described above. 

4) Multiple electric rate structures . 5 Each account is charged according to its 
PG&E-assigned rate structure. PG&E determines which of its five 
commercial/industrial rate structures 6 to assign based on the annual demand for the 
account. In the case of NPS, all five rate schedules are used to cover the 54 
accounts. Obviously, there are multiple meters on the same rate schedule. The five 
rate schedules are summarized below. Note that even for similar types of charges 
the method of calculation varies widely depending on the rate schedule: 

A-l Commercial non-time-of-use . The monthly charge for service under 
Schedule A-l is the sum of a customer charge and energy charges only (no demand 
charges): 

• The customer charge is a flat monthly fee per meter according to the type of 
meter (single-phase or polyphase service). 

• The energy charge is a flat rate per kilowatt-hour (kWh) according to the time 
of year (summer or winter) but not the time of day. 



All main station PG&E accounts are on the same natural gas rate structure with the exception of Quarters B, which usage 
is negligible. 

^PG&Ealso has a set of residential rate structures which are applied to the La Mesa Village (LMV) officer housing area. 
The residential rates are not discussed here because they do not complicate the cost allocation process since LMV is metered 
separately. 
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A-6 Commercial time-of-use . The monthly charge for service under 
Schedule A-6 is the sum of a customer charge, a meter charge and an energy charge: 

• The customer charge is the same as under Schedule A-l. 

• The meter charge is a flat monthly fee per meter. 

• The energy charge is the sum of the energy charges from the peak, partial- 
peak, and off-peak periods. The customer pays for energy by the kilowatt-hour, 
and rates are differentiated according to time of day and time of year. 

A-10 Medium General Demand-Metered Service . The monthly charge 
for service under Schedule A-10 is the sum of a customer charge, demand charges 
and energy charges: 

• The customer charge is a flat monthly fee per meter. 

• The demand charge is a flat rate per kW times the maximum demand each 
month. The number of kW consumed is recorded over 15-minute intervals; the 
highest 15-minute average in the month is the customer’s maximum demand. 

• The energy charge is a flat rate per kilowatt-hour according to the time of year 
(summer or winter) but not the time of day. 

E-19 Medium General Demand-Metered Time-of-Use Service . The 
monthly charge for service under Schedule E-19 is the sum of a customer charge, 
demand charges and energy charges: 



• The customer charge is a flat monthly fee per meter. 

• There are three demand charges, a maximum-peak-period demand charge, a 
maximum partial-peak-period demand charge and a maximum-demand charge. 
The maximum-peak-period demand charge per kilowatt hour applies to the 
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maximum demand during the month’s peak hours, the maximum partial-peak- 
period demand charge applies to the maximum demand during the month’s 
partial-peak hours, and the maximum demand charge applies to the maximum 
demand at any time during the month. The bill includes all three of these 
demand charges. 

• The energy charge is the sum of the energy charges from the peak, partial- 
peak, and off-peak periods. The customer pays for energy by the kilowatt-hour, 
and rates are differentiated according to time of day and time of year. 

E-20 Customers with Maximum Demands of 1.000 kW or More . Schedule 
E-20 contains the same type of charges as Schedule E-19 but with different unit 
prices. 

5) Multiple natural gas suppliers . Gas is purchased from two sources: PG&E, 
for the Navy Annex, La Mesa Village, and parts of the main station and, through the 
Defense Logistics Agency (DLA), from the Natural Gas Clearinghouse, for parts of 
the main station only. PG&E-purchased gas appears on the PG&E summary bills, 
along with the charges for electricity. Although NPS buys gas from NGC, a transport 
fee must still be paid to PG&E, the owner of the gas lines. This transport fee for 
gas purchased from NGC appears on the PG&E bill, not the NGC bill, and must be 
allocated among gas users. The PG&E transport charges consist of: 



• A monthly customer charge, which is based on a sliding scale according to the 
average monthly amount of gas (in therms 7 ) transported 

• A flat fee per therm of gas transported and distributed, depending on the time 
of year. 



Natural gas is measured in therms, which are units of heat (1 therm = 100,000 BTU), instead of by volume because the 
heat content of gas per unit of volume varies. 
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The NGC bill arrives several months after the month in which the billed gas 
was consumed, and contains a charge for gas consumed and a charge for "imbalance 
adjustment", which is essentially the cost of gas purchased to fulfill NPS requirements 
above the base quantity specified in the DLA contract for NPS. (If NPS were to use 
less than the base amount, the surplus gas can be sold by DLA to others within a 
certain window of opportunity of about three weeks.) This dual-sourcing of natural 
gas suppliers requires additional meter reading and administrative effort. 

In summary, the existing data environment contains many wrinkles and quirks that 
the cost accounting and invoice processing procedures must deal with individually. There 
is not a homogenous mass of data whose sheer quantity is the problem, but a relatively 
small amount of highly differentiated data. 

D. COST ALLOCATION METHODS 

The above factors contribute to the difficulty of devising a cost allocation 
method for electric, gas and water service that minimizes the "deadweight" loss. A 
deadweight loss results from the overconsumption that may occur when a user is not 
charged for the full cost of the utility. For example, if a user is charged a fixed 
dollar amount or a fixed percentage of the total bill for electricity, the user may 
consume more electricity than if it were metered because the cost of additional units 
consumed is spread over all users. Each non-metered user is in effect subsidized by 
all other users. The existing cost allocation method is discussed and critiqued below. 
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1) Any user occupying a facility having its own PG&E meter and who is the 
sole occupant of the facility simply pays the charge as shown on the PG&E bill for 
that meter (e.g. DMDC). If two or more users occupy a PG&E metered facility, the 
charges are prorated as agreed upon by the users, usually on a square-footage basis 
(e.g. FNOC/NRL). 

2) For users not served by a PG&E meter but served by a Navy-owned meter 
"downstream" of the PG&E meter, actual usage can be determined if the Navy meter 
is read the same day as the PG&E meter "upstream" to allow comparability over the 
same time period. However, the Navy meters are capable of measuring usage only, 
without regard to time-of-use. Therefore, using the Navy meter to prorate charges 
carries the implicit (and reasonable) assumption that the proportion of the total 
usage consumed during each rate period (peak, partial peak and off peak) by the 
Navy-metered user is the same as for the PG&E meter as a whole. If two or more 
users occupy a Navy-metered facility, the charges are prorated on an agreed-upon 
basis. 

3) For users whose facilities are not served by PG&E or Navy meters, an 
engineering estimate is used. The existing method used is to divide the total utility 
cost for the previous year by the total square footage of NPS facilities to obtain a 
fixed cost per square foot per year. This figure is multiplied by the total square 
footage of the user-occupied space and divided by 12 to arrive at a fixed monthly 
charge. For example, if the total annual cost for electricity were $2,400,000 and the 
total square footage of NPS facilities were 1,000,000 SF, the fixed cost/SF per year 
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would be $2.40. If a user occupied 2,500 SF, its fixed cost would be $6, 000/year or 
$500/month. 

4) After subtracting the charges for all metered users and the fixed charges for 
non-metered users from the invoice total, NPS pays the difference with 0&M,N 
funds. 

On the positive side, fixed charges for non-metered users: 



• Simplify the cost allocation. 

• Allow users to plan and execute their utility budgets easily. 

• Equalize several factors that affect utility consumption but over which the 
tenants, who are assigned NPS-owned facilities, have little or only partial 
control, such as the energy efficiency of their work spaces (due to the type of 
lighting, insulation value of windows and walls, etc.) or the efficiency of the 
utility distribution system serving their spaces. In other words, a user’s total 
consumption could vary simply because of the workspaces assigned by NPS, and 
fixed charges tend to "smooth out" these differences. 



On the down side, fixed charges: 



• Mean users with a high intensity of usage (e.g. computer center) pay the same 
amount per square foot as a user with low intensity (e.g. Barbara McNitt 
Ballroom in Herrmann Hall). 

• Result in the largest deadweight loss because there is little incentive to 
conserve electricity. 

• Do not differentiate between users on different rate schedules or those on 
time-of-use schedules who consume proportionally more during the more 
expensive on-peak period. 

• Result in NPS paying the difference if the total annual charges are higher than 
the amount used to calculate the per-square foot cost. 
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The economic consequences of using engineering estimates of utility 
consumption versus metered quantities is discussed at length in Chapter IV, including 
evaluation of various alternative cost allocation methods. In any event, it will be 
necessary to develop spreadsheet and/or database tools to allocate costs based on 
the existing method, then alter those tools to handle whatever new cost allocation 
scheme is devised and adopted. 



E. THESIS METHODOLOGY 

The methodology used to analyze the topic of this thesis is as follows: 



1. The existing cost accounting and invoice processing procedures, including the 
method of allocating costs among nonmetered users, were examined to uncover 
the factors that complicate the process and document the resulting problems. The 
existing utility distribution systems and meter locations were examined and the 
meter serving each utility user was determined. Chapter I provided a broad 
overview of the problem and outlined the complicating factors. Chapter II 
illustrates the existing procedures. 

2. Next, spreadsheet tools were developed to simplify the invoice processing and 
management of data needed to meet reporting requirements. Chapter III 
discusses the development of these tools. 

3. The deadweight loss issue was examined in depth by constructing demand 
curves using recent consumption data and elasticities of demand from the 
literature. The deadweight losses were then calculated for the existing and two 
alternative cost allocation methods and compared against the methods’ 
implementation costs. Chapter IV contains a comprehensive analysis of the 
deadweight loss issue. 

4. Revised procedures were developed based on the tools developed in 
Chapter III and the knowledge gained from the deadweight loss analysis. The 
revised procedures are discussed in Chapter V. Chapter VI summarizes the thesis 
findings and provides recommendations. 
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II. EXISTING COST ACCOUNTING AND INVOICING PROCEDURES 



A. INTRODUCTION 

The cost accounting and invoice processing procedures should accomplish three 
main functions: 

1. Pay the utility supplier in a timely manner and in the correct amount. 

2. Properly account for utility costs, to include: 

• Provide a basis for obligations to be entered into the accounting system using 

the correct appropriation so utility charges can be accrued, thereby avoiding 

unauthorized commitments. 

• Accurately allocate costs among all users. 

• Adjust obligations to reflect actual utility costs 

3. Track data elements to satisfy audit requirements and produce required 
reports. 

This chapter will examine the existing cost accounting and invoice processing 
procedures by tracing the path of an invoice from receipt to certification. 



B. EXISTING PROCEDURES 

The existing procedures are shown in Appendix 8 and summarized as follows: 



1. Public Works Fiscal Division prepares estimates of annual cost for each utility 
for each user. Fiscal also estimates utility costs for the upcoming month and 
forwards these estimates to the Comptroller by the 10th of the month. The 
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Comptroller records obligations in the amount of the estimates in the official 
accounting system, called the Standard Accounting and Reporting System - Field 
Level (STARS FL). 

2. Fiscal notifies each user of their annual utility cost estimate. Users send funds 
to the Comptroller. 

3. The Comptroller assigns JONs and a range of serial numbers for each user. 

4. When an invoice is received, Fiscal examines it for any irregularities (e.g. prior 
or unusually high charges, missing or incorrect account billings, etc.). 

5. After irregularities are corrected, costs are allocated based on the fixed-charge 
method discussed in Chapter I. Calculations are done manually for the most part. 

6. If all users have sufficient funds remaining to cover the current charges, Fiscal 
prepares the invoice certification. If any users do not have sufficient funds on 
hand, Fiscal notifies the user(s) of the funding deficiency but "covers" them so as 
not to delay processing of the invoice. 

7. Fiscal prepares a NAVCOMPT 2035 invoice certification. Fiscal performs the 
cost certification of the invoice (i.e. certifies that the quantities stated in the 
invoice were received during the period stated in the invoice and that funds to 
cover the charges shown are available). The PW Administrative Officer then 
performs the technical certification (i.e. certifies that the technical provisions of 
the contract have been complied with and that the rates cited in the invoice are 
correct.) 

8. A copy of the invoice certification is forwarded to the Comptroller. The 
Comptroller adjusts the obligations to reflect the actual costs. Fiscal checks the 
STARS FL system to ensure that the obligations have been adjusted before 
sending the invoice certification to the AAA. 

9. The certified invoice is sent to the AAA for payment. 



The NPS Command Evaluation Officer performed reviews of Public Works 
utilities cost accounting and invoice processing procedures in early 1994. Problems 
identified include: 
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• Late payments to utility suppliers 

• Erroneous charges (users being charged the wrong amount or not at all) 

• Inadequate accrual of utility costs due to poor budget estimates. In other 
words, the actual charges differ significantly from the obligations due to poor 
budget estimates. 

• Lack of incentive to save energy due to the current flat-rate (fixed -charge) 
method of cost allocation 

Although the factors outlined in Chapter I contribute to some degree to the above 
problems, there are a number of steps that may be taken to help solve them, 
including: 



• Developing a method of preparing more accurate utility budget estimates by 
analyzing historical consumption patterns. This issue is discussed in 
Chapter III. 

• Developing a spreadsheet to handle some of the "number crunching" tasks, 
including calculating the budget estimates, allocating charges among users and 
preparing periodic reports. Automating the process in this way should speed 
up invoice processing and improve accuracy. This topic is also discussed in 
Chapter III. 

• Performing an economic analysis of the existing cost allocation method and 
alternative methods. Chapter IV examines this issue in depth. 

• Reassigning responsibilities for certain steps of the cost accounting and invoice 
processing procedures to take full advantage of the capabilities of the Public 
Works and Comptroller departments. This issue is addressed in Chapter V. 
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